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DNA alkylating agents are routinely used in the treatment of cancers. The se
vere cytotoxicity associated with alkylating agents is due to their lack sel
ectivity, alkylating DNA throughout the genome and attacking healthy cells, 
notably the reproductive, bone marrow and other labile cells as well as the 
cancerous cells. If we could directly target DNA mutations responsible for c
ancer we could reduce some of the side affects and increase the efficacy of 
the treatments. In this thesis an approach to directly and selectively targe
t DNA sequences is presented using alkylating hairpin N-methylpyrrole-N-meth
ylimidazole (Py-Im) polyamide seco-CBI conjugates. 
KRAS is one of the most commonly activated oncogenes with around 90% of panc
reatic cancers and 50% of colorectal cancers contain KRAS mutations. To date
 there have been no clinical inhibitors of KRAS, and it has led many to thin
k of KRAS as an “undruggable” target. Point mutations most frequently occu
r at codons 12, 13 and 61. Mutations at codons 12 and 13 cause steric hindra
nce through a conformational change of the protein that inhibits GAP-induced
 GTP (active) hydrolysis to GDP (inactive), and causes the KRAS protein to b
e permanently activated. Due to the high significance of the mutations at co
dons 12 and 13, a small library of alkylating hairpin Py-Im polyamide seco-C
BI conjugates were designed to selectively target each of these mutation seq
uences.  
1. Selective Targeting Of KRAS Codon 12 Mutation Sequence By Pyrrole–Imida
zole Polyamide Seco-CBI Conjugates. 
For efficient binding of Py-Im polyamides to sequences over 7 base pairs, a 
β alanine should be incorporated in place of a Py. Four hairpin Py-Im polya
mides were designed with the same sequence recognition moiety, but the posit
ioning of the β-alanine pairing was varied. High-resolution denaturing gel 
electrophoresis demonstrated sequence specific alkylation of the KRAS codon 
12 mutation sequence for both the G12D and G12V mutation sequences. Conjugat
e 4 displayed the highest selectivity with high reactivity. Next Generation 
Sequencing and Bind-n-Seq analysis supported the evidence that Py-Im polyami
 de 4 can target the G12D mutation sequence with exceptionally high affinity 
and also the G12V mutation sequence with much higher affinity than the wild 
type sequence. 
2. Sequence-Specific DNA Alkylation Targeting for KRAS Codon 13 Mutation b
y Pyrrole–Imidazole Polyamide Seco-CBI Conjugates. 
Five alkylating hairpin Py-Im polyamides were designed to target the KRAS co
don 13 mutation, as with the previous library targeting the codon 12 mutatio
n sequence, all five conjugates possessed the same basic core moiety but the
 position of theβ-alanine pairing was varied by substituting a Py. DNA alky
lation was evaluated using high-resolution denaturing gel electrophoresis an
d revealed that conjugate 5 alkylated with the highest efficacy. Additionall
y conjugate 6 displayed high selectivity for the target sequence but only li
mited reactivity. SPR and a computer-minimized model suggested that 5 binds 
to the target sequence with high affinity in a hairpin conformation, allowin
g for efficient DNA alkylation.  
3. Sequence-Specific DNA Alkylation By Tandem Pyrrole–Imidazole Polyamide 
Conjugates 
Alkylating tandem hairpin Py-Im polyamides can be used to targeting repeatin
g sequences such as human telomere sequences, and could be useful for target
ing cancer cells. In order to investigate the alkylating activity of tandem 
hairpin Py-Im polyamides three linkers of various lengths were evaluated usi
ng High-resolution denaturing gel electrophoresis. A βalanine linker, a β 
alanine dimer linker and a PEG linker were evaluated. The β-alanine linker 
provided the optimal linker length to alkylate a 10 base pair DNA sequence w
ith high reactivity and minimal mismatch binding. Furthermore, the tandem Py
-Im polyamides were able to bind with higher specificity than corresponding 
alkylating hairpin Py-Im polyamides designed to bind to the same sequence. 
In conclusion, alkylating hairpin Py-Im polyamide seco-CBI conjugates have d
emonstrated sequence specific alkylation of the coding region of the KRAS co
don 12 and codon 13 mutation sequences. Specifically, the codon 12 G12D and 
G12v mutations were selectively targeted with far higher affinity than that 
of the wild type sequence. Furthermore, alkylating tandem hairpin Py-Im poly
amide seco-CBI conjugates demonstrated higher selectivity for a 10 base pair
 sequence than corresponding hairpin Py-Im polyamides with the β alanine li
nker providing the optimal distance to span 1 base pair between the two hair
pins to allow for efficient sequence specific alkylation. The results strong
ly suggest that seco-CBI Py-Im polyamides have the potential to be used to t
reat cancers based on individual genetic mutations, minimizing side effects 
and overcoming the problem of drug-resistance. 
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